We describe a simple method using percoll gradient for isolation of highly enriched human monocytes. High numbers of fully functional cells are obtained from whole blood or buffy coat cells. The use of simple laboratory equipment and a relatively cheap reagent makes the described method a convenient approach to obtaining human monocytes.
Macrophages and monocytes are largely used in immunological research especially for the study of intracellular parasites. The ideal method for monocyte isolation combining simplicity, cheapness, purity and high yield does not exist (Seljelid & Pertoft 1981 , Bennett & Breit 1994 . We propose here a simple two step procedure for obtaining highly purified human monocytes.
The most common procedure is monocyte isolation by adherence after Ficoll-Hypaque purification of peripheral blood mononuclear cells (PBMC) (Bennett & Breit 1994) . Monocyte isolation by adherence, although simple, has several disadvantages: high lymphocyte contamination, low flexibility, high manipulation and monocyte transient activation (Haskill et al. 1988 , Bennett & Breit 1994 . Lymphocyte contamination in the first hour after adherence may be high, being as high as 40-50% after two washes and 30% even after five washings. It has been reported that in the first 24 h, after four vigorous washes, 25% of remaining cells are lymphocytes (Bennett et al. 1992) . The degree of lymphocyte contamination when separating monocytes by the adherence method is probably related to percentage of lymphocytes in PBMC, the amount of PBMC laid for adherence, number of washes, strength of washing and time of adhesion. These aspects can make this method variable from donor to donor and from researcher to researcher. Alternative methods are immuneselection, centrifugal elutriation and density gradients. Immune selection is too expensive for daily routine and for large volumes of blood. Centrifugal elutriation, although the method of choice for larger volumes of blood, requires expensive equipment and a specialized technician. Several kinds of density gradients are available, both continuous and discontinuous. Pumps and ultracentrifuges, in general expensive equipment, are necessary for performing continuos gradients.
We report here on the results using a two step procedure with single gradients in each step. First using a Ficoll-Hypaque gradient (density = 1.070 g/ml) and afterwards a slight hyperosmolar Percoll gradient (density = 1.064 g/ml). Percoll solutions were done as follows: first an isosmotic Percoll was prepared as usually mixing one volume NaCl 1.5 M with nine volumes of Percoll (Pharmacia, density = 1.130 g/ml). The Percoll gradient was done mixing 1:1 (v/v) isosmotic Percoll with PBS/ Citrate (NaH 2 PO 4 1.49 mM; Na 2 HPO 4 9.15 mM; NaCl 139.97 mM; C 6 H 5 Na 3 O 7 .2H 2 O 13mM; pH 7.2). Both gradients were centrifuged at 25-35°C, 400 g for 35 min. Percentage of monocytes after the Percoll gradient was higher than 90% using morphology, histochemistry or FACS analysis (Table I, Figure) . The cells were viable and functional and able to be cultivated in suspension or attached to plastic, plastic bound fibronectin, collagen or laminin (not shown). Further indications of functionality were secretion of large amounts of TNF-α after LPS stimulation, phagocytose of latex particles and Leishmania promastigotes both in suspension and after adherence (Table II) . Eighty to 90% from the monocytes laid on the Percoll gradient were recovered afterwards (Table III) . The procedure yields similar results with small and large amounts of blood. When working with small amounts of blood (< 50 ml) for saving time we have used leukocyte rich plasma after dextran sedimentation. (Meerschaert & Furie 1994) . When working with very large amounts of blood (> 200 ml) was better to take the buffy coat. It has been previously proposed a two step Percoll gradient for monocyte isolation with 90% of purity but with variable yield (Seljelid & Pertoft 1981) . The most important pitfall of their method was that they advocate the use of defribrinated blood. This could lead to serious cell loss and activation. As they had observed, monocytes bind strongly to small microscopic blood clots. Platelets could also bind to monocytes forming clumps (Weyrich et al. 1996) . The adequate blood anticoagulation is then critical. The use of sodium citrate in all the solutions Representative side (granularity) and forward (height) light scatters (A) following Fycoll-Hypaque and (B) following Percoll gradient. The R1 gate corresponds to monocyte and R2 to lymphocyte populations. The R1+R2 (T) were considered to represent 100% of cell population (96.6% of acquisition events in (A) and 93.4% in (B); (A) R1/T x 100=21 and in (B) R1/T x 100=93.9.
until the Percoll gradient avoids the use of defibrinatrion and platelet binding to monocytes (Roos & de Boer 1986) , possibly the use of EDTA could have the same effect although we have not tested it. Platelet elimination can be easily done with low speed centrifugation (100 g) before or after the Percoll gradient although it implies in cell loss. Temperature is also a critical point. We prefer working during all the procedure at room temperature (25-35°C) as it has been shown that monocyte tends spontaneously to aggregate at lower temperatures (Mentzer et al. 1986 ) and platelets to be activated (White & Krivit 1967 , Oliver et al. 1999 . Finally as it has been shown (Fluks 1981 , Boyum 1983 ) the monocyte purity can be improved by hyperosmotic density gradients. In conclusion the procedure devised here can be done with usual reagents and equipment of average laboratory, it is easily handled and provides a 90% pure population of monocytes. 
